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DUH WZRGLIILFXOWLHV LQ WKH ILHOGRIQXPHULFDO VLPXODWLQJ UHVLGXDO VWUHVV DQGGHIRUPDWLRQE\ ILQLWH HOHPHQWPHWKRG
)(0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DOWKRXJK VRPHWLPHV WKH LQLWLDO VWUHVVHVDUHYHU\KLJKDV WKHEDVHPHWDO LV HQGXUHG LQ VXFKSURFHVVHVDV UROOLQJRU
EHQGLQJ 7KH RWKHU LV WKDW RQO\ WKH VLQJOH SDUW RI WKH FRPSOHWHO\ ZHOGHG VWUXFWXUH DUH FRQVLGHUHG EXW QRW WKH
DVVHPEO\DVDUHVXOWWKHUHVLGXDOVWUHVVDQGGHIRUPDWLRQRIZKROHZHOGHGVWUXFWXUHZKLFKFRQVLVWVRIGLIIHUHQWSDUWV
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$VDPDWWHURIIDFWWKHWZRGLIILFXOWLHVPHQWLRQHGDERYHZLOOKLQGHUWKHXVDJHWKHFRQWLQXRXV)($LQWKHLQGXVWU\
ILHOG)RULQVWDQFHPDQXIDFWXULQJTXDOLW\DQGUHVLGXDOVWUHVVHVRIWKHSUHVVXUHKXOORQHRIWKHPRVWLPSRUWDQWZHOGHG
SDUWVRIWKHVXEPDULQHKDYHDVLJQLILFDQWHIIHFWRQWKHEHDULQJFDSDFLW\VHUYLFHOLIHDQGWKHFRUURVLRQSHUIRUPDQFH
RI WKH VXEPDULQH 7KH PDQXIDFWXULQJ SURFHVVHV RI WKH SUHVVXUH KXOO DUH YHU\ FRPSOLFDWHG ZKLFK LQFOXGH UROO
VPRRWKLQJWKUHHUROOEHQGLQJFXWWLQJZHOGLQJDQGVHWWLQJURXQGSURFHVVHV6RPHQXPHULFDOVLPXODWLRQVDERXWWKH
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SUHVVXUH KXOO WKHQ D PHWKRG FDOOHG PDSSLQJ PHWKRG RI PXOWLPRGHO ZLOO EULQJ IRUZDUG WR UHDOL]H QXPHULFDO
VLPXODWLRQRIPXOWLZRUNSLHFHDQGPXOWLSURFHVV
7KHLQLWLDOPHDVXUHGUHVLGXDOVWUHVVHVDQGVWUDLQVH[LVWHGLQWKHVWHHOSODWHVDIIRUGHGE\VWHHOPDNHUFDQEHGHILQHG
DV VWDWH YDULDEOHV ZKLFKZLOO EH FRQWLQXDOO\ FKDQJLQJ GXULQJ WKH IROORZLQJPDQXIDFWXULQJ SURFHVV LH WKH VWDWH
YDULDEOHV ZLOO WUDQVPLW IURP IRUPHU SURFHVV WR QH[W RQH 7KHQ WKH ILQDO VWDWH YDULDEOHV RI IRUPHUPDQXIDFWXULQJ
SURFHVVZLOOEHWKHLQLWLDOVWDWHYDULDEOHVRIWKHQH[WRQH)RUWKHSODWHVRISUHVVXUHKXOOWKHLQLWLDOVWUHVVHVZLOODIIHFW
VWUHVVVWDWHRIWKHZKROHPDQXIDFWXULQJSURFHVVWKHUHIRUHWKHWUDQVIHURIWKHVWDWHYDULDEOHVQHHGWREHFRQVLGHUHG
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PHUJLQJPHDVXUHGLQLWLDOUHVLGXDOVWUHVVHVLQWR)($PHVKHVVWDWHYDULDEOHV
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8QIRUWXQDWHO\KRZHYHUQRFRPPHUFLDO)($FRGHVFDQJLYHSHUIHFWVROXWLRQVWRWKHVHWUDQVIHUSURFHVVHVDWSUHVHQW
7RVLPSOLI\WKHDQDO\VLVWKHFRPPHUFLDO)($FRGH06&0DUFZDVXVHGDVWKH)($SODWIRUPWRUHDOL]HLGHDVRI
WUDQVIHURIWKHVWDWHYDULDEOHVSURSRVHGLQWKLVUHVHDUFK
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ILHOGVRIWKHVHILYHSDUWVVKRXOGEHFRQVLGHUHG(VSHFLDOO\WKHLQLWLDOVWUHVVHVHYROYHGLQWKHIRUPHUSURFHVV7KHQZH
QHHGWRFRPELQHWKHGLIIHUHQWILQLWHHOHPHQWPRGHOVWRJHWKHU,QWKLVUHVHDUFKWKHLQLWLDOVWDWHYDULDEOHVRUWKHIRUPHU
SURFHVVVWDWHYDULDEOHVRILQWHJUDWHSRLQWEHORQJLQJWRGLIIHUHQWILQLWHHOHPHQWPRGHOVZHUHZULWWHQLQWRDWHPSRUDU\
ILOHWKHQWKHVHGDWHLQWKHILOHZLOOEHUHDGLQWRIROORZLQJILQLWHHOHPHQWPRGHO7KHIORZSURFHVVFKDUWVZHUHVKRZQ
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PDQXIDFWXUHSURFHVVHVDQGPRGHO&LVWKHFRPELQLQJPRGHO,WLVFOHDUWKDWWKLVPHWKRGFDQEHDSSOLHGWRWKHVWDWH
YDULDEOHVWUDQVIHURIVLQJOHZRUNSLHFHDQGPXOWLSURFHVV
)RU WKH VLQJOHZRUNSLHFHDQGPXOWLSURFHVVFRQGLWLRQ WKLVPHWKRGFDQEHFDOOHGDVPDSSLQJPHWKRGRI VLQJOH
PRGHO:KLOHIRUWKHPXOWLZRUNSLHFHDQGPXOWLSURFHVVFRQGLWLRQWKLVPHWKRGFDQEHFDOOHGDVPDSSLQJPHWKRGRI
PXOWLPRGHODQGPXOWLSURFHVV
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QXPEHU LQPRGHORI WKH IRUPHUSURFHVVZLOOEH WKH VDPH LQ WKHRQHRI WKHQH[WSURFHVV+RZHYHU IRU WKHPXOWL
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LQWKHFRPELQLQJPRGHO&WKHQXPEHURIQRGHVLQWKHILUVWPRGHOLV1DWKHQXPEHURIQRGHVLQWKHVHFRQGRQHLV
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1E6XSSRVLQJ1DLVODUJHUWKDQ1EWKHQWKHFRPELQHGPRGHOZLOOKDVWZR1RQRGHVˈWZR1RQRGHV««DQG
WZR1R1EQRGHV'XULQJWKHIROORZLQJILQLWHHOHPHQWDQDO\VLVWKH)($FRGHZLOOEHSX]]OHGIRUH[LVWLQJGXSOLFDWH
QRGHV
7RVROYHWKLVSUREOHPWKHQRGHQXPEHUPXVWEHUHQXPEHUHGDVPHQWLRQHGDERYHWKHWRWDOQXPEHURIQRGHVRI
WKHFRPELQHGPRGHO&ZLOOEH1D1E
)LUVWO\WKHPRGHO&UHDGVWKHQRGHLQIRUPDWLRQRIPRGHO$DQGDFFHSWWKHRULJLQDOQRGHQXPEHU1D[[LVIURP
WR1DDVWKHQHZQRGHQXPEHUWKHQPRGHO&UHDGV1E[[LVIURPWR1EQRGHLQIRUPDWLRQRIPRGHO%DQGHYDOXDWH
WKHVHLQIRUPDWLRQWRQHZ1D1E[QRGHRIWKHPRGHO&7KLVSURFHVVLVVKRZQLQ)LJ
5HVXOWVDQG'LVFXVVLRQV
7RYHULI\WKHDYDLODELOLW\RIWKHPHWKRGVSURSRVHGLQWKLVUHVHDUFKFRPSOLFDWHGPDQXIDFWXULQJSURFHVVHVRIWKH
VXEPDULQHSUHVVXUHKXOOZDVVLPXODWHGDVDW\SLFDOFDVH)LJVKRZQWKHLQLWLDOVWUHVVILHOGRIWKHVWHHOSODWHZKLFK
ZDVEXLOWE\PHUJLQJLQLWLDOVWUHVV LQWRWKH)(0PRGHO7KHYDOXHVRIUHVLGXDOVWUHVVRQWKHVXUIDFHRISODWHZHUH
REWDLQHGE\$67;[UD\VWUHVVDQDO\]HU7KHUHVXOWVVKRZQWKDWWKHUHVLGXDOVWUHVVRQWKHVXUIDFHZHUHDERXW
03DFRPSUHVVLYHVWUHVVHVZKLOH WKH UHVLGXDOVWUHVV LQ WKHPLGGOHSDUWRISODWHZHUHDERXW03DWHQVLOH
VWUHVVHV
7KHQVHYHQUROOHUVPRRWKLQJSURFHVVZDVVLPXODWHG>@LQZKLFKWKHLQLWLDOVWUHVVHVRIWKHSODWHZHUHFRQVLGHUHG
)LJ ZDV WKH VWUHVV GLVWULEXWLRQRI WKH SODWH DIWHU VPRRWKLQJSURFHVV$IWHU WKDW WKUHHUROOHU UROOLQJ SURFHVVZDV
VLPXODWHG LQZKLFK WKH LQLWLDO VWUHVVHV LQKHULWHG IURP WKH VPRRWKLQJSURFHVVZDVFRQVLGHUHG >@)LJZDV WKH
FDOFXODWLQJUHVXOWRIVWUHVVGLVWULEXWLRQRI WKHSODWHDIWHUVPRRWKLQJSURFHVV)LQDOO\ WKHVLPXODWLRQRI WKHZHOGLQJ
DQG URXQG VHWWLQJ SURFHVVHV ZHUH SHUIRUPHG DQG WKH DFFRUGLQJ UHVXOWV ZHUH VKRZQ LQ )LJ  DQG )LJ 
UHVSHFWLYHO\
 
 D[[VWUHVV E\\VWUHVV
)LJ,QLWLDOVWUHVVRIWKHEDVHPHWDOREWDLQHGE\PHUJLQJWKHPHDVXUHGVWUHVVHV

)LJ5HVLGXDOVWUHVVRIWKHWRSVXUIDFHDIWHUOHYHOLQJ
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
)LJ5HVLGXDOVWUHVVRIWKHWRSVXUIDFHDIWHUUROOLQJ


)LJ/RQJLWXGLQDOZHOGLQJUHVLGXDOVWUHVVRIDZHOG

 
)LJ/RQJLWXGLQDOVWUHVVRIDZHOGDIWHUWKHURXQGVHWWLQJ
7R DFFXUDWHO\PHUJH LQLWLDO VWUHVVHV LQWR WKH)(0PRGHO WKH LQIRUPDWLRQRIPDQXIDFWXULQJSURFHVV VKRXOGEH
REWDLQHGDVPXFKDVSRVVLEOH7DNH WKLV UHVHDUFK IRU LQVWDQFH WKH VWHHOSODWHZDVFDVW ILUVWO\ WKHQXQGHUJRQH WKH
SURFHVVHV RI KRW UROOLQJ TXHQFKHG DQG WHPSHUHG $IWHU WKHVH SURFHVV WKH FRPSUHVVLYH VWUHVVZLOO REWDLQ RQ WKH
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VXUIDFHRIWKHSODWHZKLOHLQWKHPLGGOHSDUWRIWKHSODWHWKHVWUHVVZLOOEHWHQVLOHVWUHVV6RLQWKLVUHVHDUFKZHFDQ
EXLOG WKH LQLWLDO VWUHVVILOHGRI WKHSODWH$VDPDWWHURI IDFW WKHPHUJLQJSURFHVVRI WKH LQLWLDO VWUHVVZLOOEHYHU\
GLIILFXOWLIWKHLQIRUPDWLRQRIWKHPDQXIDFWXULQJSURFHVVRISODWHLVXQNQRZQ(VSHFLDOO\IRUWKHWKLFNSODWHWKHILHOG
RILQLWLDOVWUHVVFRXOGQRWHDVLO\EHEXLOWIRULWVFRPSOH[FKDUDFWHULVWLFV,QVXFKLQVWDQFHWKHUHVHDUFKHUVKRXOGJHW
PRUH LQIRUPDWLRQRI WKHIRUPHUPDQXIDFWXUHSURFHVVHVDQG WKHQVLPXODWHVXFKSURFHVV WRJHWUHVLGXDOFDOFXODWLQJ
VWUHVV DIWHU WKDW XVH WKH H[SHULPHQWDO UHVXOWV WR PRGLI\ WKH )(0 PRGHO XQWLO WKH FDOFXODWLQJ UHVXOW DQG WKH
H[SHULPHQWDOUHVXOWDUHDFFRUGDQW
7KHVLPXODWLQJUHVXOWVVKRZWKDWWKHVWUHVVILOHGRIWKHSODWHERXQGDU\ZDVQRWXQLIRUPDVVKRZQLQ)LJDQG
)LJWKLVSKHQRPHQDZDVFDXVHE\WKHFKDUDFWHULVWLFRIWKHFHUWDLQSURFHVVIRUH[DPSOHWRUHDOL]HUROOLQJSURFHVV
WKHPDUJLQRIWKHSODWHZLOOQRWXQGHUJRWKHZKROHUROOLQJSURFHVVIRUWKHFRQVWUDLQWRIWKHJHRPHWULFSDUDPHWHUVRI
WKH SODWH DQG WKH UROOLQJPDFKLQH )RUWXQDWHO\ KRZHYHU WKHPDUJLQ RI WKH SODWHZLOO EH FXW RXW LQ WKH IROORZLQJ
SURFHVV
,QRUGHUWRFXWRXWWKHSRWHQWLDOZHOGHGIODZVWKHUHLVDDQRWKHUSURFHVVLQWKHZKROHPDQXIDFWXULQJSURFHVVRI
WKHSUHVVXUHKXOO7KLVSURFHVVLVDLUDUFFXWWLQJWKDWMXVWIROORZVWKHILUVWOD\HUZHOGLQJRIWKHPXOWLOD\HUDQGPXOWL
SDVVZHOGLQJ7KLV FXWWLQJSURFHVVZLOOSURGXFH UHVLGXDO VWUHVV DVZHOO:KLOH DFFRUGLQJ UHVXOW DERXW WKLVSURFHVV
VKRZVWKDWWKHHIIHFWHG]RQHRIWKLVSURFHVVLVWRRQDUURZWREHFRQVLGHUHG>@
$OO ZHOGHG VWUXFWXUHV ZLOO IDFH PHUJLQJ WKH LQLWLDO UHVLGXDO VWUHVVHV LQWR WKH )(0 PRGHO LQ WKH QXPHULFDO
VLPXODWLRQRIZHOGLQJSURFHVV6WULFWO\VSHDNLQJDOO WKHZHOGLQJSURFHVVHVDUHPXOWLSURFHVVVR LW LV LPSRUWDQW WR
FRQVLGHUWUDQVIHUULQJWKHIRUPHUSURFHVVUHVXOWVWRWKHQH[WRQH7KHPDSSLQJPHWKRGRIPXOWLPRGHOLQFRQWLQXRXV
)($FDQEHSRWHQWLDOXVHGLQWKHZHOGLQJVLPXODWLRQWRPDNHWKHFDOFXODWLQJUHVXOWVEHDFFXUDWH
&RQFOXVLRQV
7KHFRQFOXVLRQVRIWKHSUHVHQWSDSHUDUHVXPPDUL]HGDVIROORZV
%DVHGRQ WKH WKHRU\RI ILQLWH HOHPHQWPHWKRG VXFK LQLWLDO VWDWH YDULDEOHV DV VWUHVV FDQEHPHUJHG LQWR WKH
ILQLWH HOHPHQWPRGHO LQZKLFKERWK WKH VWDWH YDULDEOHV LQKHULWHG IURP WKH LQLWLDO FRQGLWLRQ DQG HYROYHG IURP WKH
IRUPHUSURFHVVFDQEHPHUJHG
7RDYRLGH[LVWLQJGXSOLFDWHQRGHV LQ WKHFRPELQHGPRGHO WKHUHQXPEHUSURFHVVPXVWEHFDUULHGRXW LQ WKH
PXOWLZRUNSLHFHDQDO\VLV
0DSSLQJPHWKRGRIPXOWLPRGHOZLOOEHSRWHQWLDOO\XVHGWRUHDOL]HFRQWLQXRXV)($E\WUDQVIHUULQJWKHILQLWH
HOHPHQWDQDO\VLVUHVXOWVEHWZHHQGLIIHUHQWSURFHVVHVDQGZRUNSLHFHV
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